FASE 1 FRINT JATE. 77250493

. FAILURE MODES EFFECTSE ANALYSIS (FMEA) -- CI. HARDWARE
NUMBER: 02-6-E24 -X

SUBSYSTEM NAME: HYDRALULICS

e —— REVISION: J7/24/58
PART DATA
PART NAME PART NUMBER
VENMDOR NAME VENDOR NUMEBER
| LRU ACCUMULATOR, HYDRAULIC MC 254-0607

PARKER

EXTENDED DEECRIPTICM OF PART UNDER ANALYEIE:
ACCUMULATCR, BOOTETRAP, MYDREAULIC

SOVIEALMA

| REFERENCE DESIGNATORS: SOVIHALN D
BOVESBALMZ

QUANTITY OF LIKE ITEMS: 3
ONE IN EACH HYDRAULIC POWER SYSTEM

FUNCTION:

PROWIDE RESERYOIR PRESSURIZATION FOR POSITIVE HEAD PFRESSURE ON MAIN
PLIMP INLETS AT APU STARTUR IN OREIT. ASSEMEBLY INCLUDES & PRESSURE GAUGE
FOR GROUND GPERATIONE AND A GAS FILL WALWYE FOR CHARGING
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PaGE 2

FAILURE MCDES EFFECTS ANALY SIS FMEA -

SUBSYSTEM NAME: HYDRALULICS
LRU: ACCUMULATOR, HYDRAULIC
ITEM NAME. ACCUMULATOR, HYDRAULC

PRINT DATE 0729795
CIL FAILURE MODE
NUMBER: 42-5-E24- 01
REVISION#: 1 - 0724498

GCRITICALITY OF THIS
FAILURE I'H'IE}DE 1RZ

FAILURE MODE:
LOSS OF GAS CHARGE

MISEION PHASE: a0 OM-ORBIT
0o DE-ORBIT

VEHICLE/PAYLOADI/KIT EFFECTIVITY: 10z
103
104
105

CALGE:

COLUMBIA
DISCOVERY
ATLANTIS
ENDEAVOLR

DEFECTIVE FISTON SEAL, SCORED BARREL OF ACCUMULATOR, DEFECTIVE CHARGING
VALVE, LEAKING PRESSURE GALGE, CONTAMINATION

CRITICALITY 1M1 DURING INTACT ABORT ONLY? NO

REDUNDANCY SCREEN A) PASE

B) PASS
C) PASS

FASS/FAIL RATIONALE:

A)

E)

C}

- FAILURE EFFEGTS -

[A) SUBSYSTEM:

LDESS OF BOOTSTRAP PRESSURE WITH CORRESPONDING LOSS OF RESERVOIR
FEESSURE (LOSS OF MAIN PUMP RESTART CAPAELLITY] RESULTING IN LOSS UF ONE
HYDRALULIC SYSTEM. IF FAILURE OCCURS DURING MAIN PUME ASCENT/ENTRY
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PaskE: 3 PEINT DATE: d7/28/23

FAILURE MODES EFFECTS AMALYSIS (FMEA) — CIL FAILURE MODE
MUMBER: 02-8-E24-D1

OFERATIONS. MAIN FUME STILLWOIULD BE USED TO COMPLETE FLIGHT PHASE EUT
CAPABILITY TORESTART MAIMN PLUMP WOLILD BE DOUEBTFUL DUE TO LOSS GF
BOOTITRAMREISERVOIR PRESSUREE. HIIWEWVER, ALTOMATIC RECHARGE CAPABILITY IS
AvallABLE DURING MAJQRITY OF ON-ORBIT PHASE,

(B INTERFACING SUBSYSTEM(S):

NMOSE WHEEL STEERING AND HYDRALLIC LANDING GEAR DEPLOCYMENT CARPABILITY
WOULD BE LOST IF SYSTEM ONE WaS LOST. LOSS OF ONE OF THREE HYDRAULIC
POWER SYSTEMS TO FLUIGHT CONTROL SLURFACES AND BRAXKES

{C) MISSICN:

ASCENT/ENTRY - NO EFFECT FOR FIRET FAILURE. MAIN PUMPF ORERATION WOULD
MAINTAIN BOOTSTRAP PRESSURE COREBIT - ABORT DECIEION (POSEIELE EARLY MISSION
TERMINATION}, OR COMMIT TO CONTINUOUS CIRCULATION PUMP OFERATION T2
MAINTAIN PRESSURE IF POZSIBLE.

{D) CREW, VEHICLE, AND ELEMENTI(S):
MO EFFECT FOR FIRST FAILLIRE - ADEQLIATE FLIGHT CONTROL CAPASILITY.

[E) FUNCTIONAL CRITICALITY EFFECTS:
POSSIBLE LOSE DF CREW/NVERICLE WITH TWO FAILLIRES: THIZ FAILURE, FLUS LDEE QF
SECOND HYDRALULIC SYSTEM.

-DISPOSITION RATIONALE-

{A) DESIGN:

DUAL DYNAMIC SEALS WITH VENTING, STANDARD MIL-G-5514 (GENERAL REQUIREMENTS
FOR GLAND DESIGN, PACKINGS, HYDRAULIC) SEAL DESIGN EXTREMELY LOW ANGULAR
VELOCITY, SMALL DIAMETER PISTON i2.6 DIAMETER}. HYDRAULIC SYSTEM FILTER
BETWEEN THE MAIN PUMP AND THE ACCUMULATCR 1S 5 MICRON NOMINAL, 15 MICRON
ABSOLUTE. 15 MICRON NOMINAL INTERMNAL FILTRATION EXISETS IN THE LUNLOADER
VAVE BETWEEN THE CIRCULATION PUMP AND THE ACCUMULATOR.

(B) TEST:
QUALIFIGATION:
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PAGE. 4 FRINT DATE. 0729:495

FAILURE MODES EFFECTS AMNALYSIS (FMEA) — CiL FAILURE MODE
NUMEBER: 02-6-E24- 01

» OFPERATING LIFE ZYCLE TEST - 1,700 P5IG GNZ PRECHARGE AT 70 DEG F.
PRESSURES wARYIMNG 2.000 - 2000 PSI. 50.003 CYCLES, SMINUTFE AT 85 DEG T

ACCERTAMCE
+« PRESEURE GAGE PREOQOFED TO 7,500 PEIG PRIOR TO IMETALLATIOMN,
+  ACCUMULATOR ASSEMELY PROQFED TO 8.000 P&IG
+  EXAMIMNATION OF PRODUCT - WEIGHT, WORKMANSHIP FIMISH . DHMENSIONS AND
COMETRUCTICN,
+ MERFORMANCE REZORD TEET
« OPERATIOMAL TEET - 500 PEIG GNZ PRECHARGE AT 7O DFG F, 200-3,000 PRIG
FLUID PREZEURE: 700 PEIG MAXIMUM FLUID PRESEURE FOR & CYCLES.
PASS/FAIL CRITERIA WERIFY SEPARATOR MOVES AT OF BELOW MAXIMURS.,
FRESELURE
«  DYMNAMIC LEAWAGE TEST - 1700 PSIG SN2 PRECHARGE AT 98 DEG F 2,030
3007 PSIS FLUIG PRESSURE FOR 20 CYCLES. PASEFAIL CRITERIA:
LEAXAGE FROMYWENT PORT SHALL NQT EXCEED 10 CC/CYCLE GN2. 1
DROPAD CYCLES RYDRAULIC FLUID.
«  CLEANLINESS TEST - LEVEL 192 PER MAC 10-301.

GROUND TURNARGLUND TEST
ANY TURNARDUND CHECKOUT TESTING IS ACCOMPLISHED IN ACCORDANCE WITH
DMRE0,

{C) INSPECTION:
RECEIVING INSPECTION
RAW MATERIAL PURGCHASES ARE MADE ONLY FROM MATERIAL APPROVED RY
ROCKWELL., TEST REPORTS AND MATERIAL CERTIFICATIONS ARE MAINTAINED
CERTIFYING MATERIAL AND PHYSICAL PROPERTIES.

!

CONTAMINATION CONTROL
CLEAMLINESS LEVEL 150 PER MAQ110-301 IS VERIFIED BY INSPECTION.

CRITICAL PROCESSES
HEAT TREATMENT IS VERIFIED BY INGPECTION.

NDE
MAGHETIC FARTICLE IMESRECTION IS PERFORMED AND RESLILTS ARE WERIFIED BY
INSFECTION.

ASSEMBLY/INSTALLATION

PARTS PROTECTICN DURING FABRICATICN OPERATION I VERIFIED BY INSPECTION.
MANUFACTURING/ASSEMBLY PROCESSES ARE VERIFIED BY INSPECTION SEAL
INSPECTION TGO 2X MAGNIFICATION 1S VERIFIED.

TESTING
PROOF PRESESURE TESTS ARE PERFORMED AS PART OF THE ACCEPTANCE TEST
PROCEDURE AND ARE VERIFIED BY INSPECTION.

HANDLING/PACKAGING
INSTECTION VERIFIES PACKAGING PRICR TO SHIPMENT.
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FP&GE: 5 FRINT CATE: 07, 79/98

FAILURE MODES EFFECTS ANALYSIS (FMEA) -- CIL FAILURE MCDE
NUMEER: 02-6-E24~ 01

(D) FAILURE HISTORY:

CURRENT DATA QN TEST FAILURES, FLIGHT FAILURES. UNEXFLAINED ANOMALIES, AND
OTHER FAILURES EXPERIENCED DURING GROUND PROCESSING ACTVITY CAN BE
FOUND IN THE PRACA DATA BASE. THE FAILURE HISTCRY DATA PROVIDED BELOW 15 NO
LONGER BEING KEFPT UP-TC-DATE.

{ATT13-010) (1577) LOW GN2 PRESSURE ¥WWAS FOUND IN THE ACCUMULATOR ON THE
FLIGHT CONTROL HYDRAULICS LABORATORY (FOGHL), TESTS FAILED TO IDENTIFY THE
CAUSE OF THE PRESSURE LOSS. HOWEYER DISASSEMBLY REVEALED SEVERELY
MWIBBLED SEALS ON THE GAS AND OIL END CF THE FISTON. THE SEALS WERE REPLACED
BY GREEN TWEED SEALS AND PASSED ENDURANCE REQLIREMENTS. ALl UNITS HAVE
THE NEVY SEAL INSTALLED.

(AB3ITB0-010) (1979) DURING QUALIFFCATION TESTING THE ACCUMULATOR EXHIBITED
GNZ LEARAGE FROM THE SEAL WENT CAVITY. THE LEAKAGE WAS CALSED BY LOWER
THAN REQUIRED TEMPERATLRE IMPQOSED DURING LIFE CYCLE TESTS CAUSING THE
ENZ GAS S5EAL TO LOSE SUFFICZIENT RESILIENCY TO ALLOW THE LEAKAGE. THE
PROCUREMENT SPECIFICATION WAS CHANGED TCO RAISE THE LOW TEMPERATURE
REQUIREMENT FRCM -85 DEGREES F TO -50 DEGREES F.

(AB4T45-010) (1573 DURING QUALIFICATION TESTING THE ACCUMULATOR EXHIBITED
GiNE LEARAGE FROM THE SEAL VENT CAVITY. THE LEAKAGE WAS CALUSED BY THE .
INABIEITY OF THE "T' SEAL TO ADEQUATELY SEAL AT -85 DEGREES F DURING LIFE CYCLE

TESTING. CORRECTIVE ACTION WAS THE GREEN TYWEED "T" SEAL F/N 733 GIMR-BETP3

WAS REPLACED BY THE GREEN TWEED SE4AL PN 733 GIMR-864F3.

(ABS151-010% (1878, CWVIGZ) DURING SUBSYSTEM CHECKOUT, THE 5YSTEM NUMBER 1
ACCUMULATOR EXHIBITED INTERNAL LEAKAGE. THE LEAKAGE WAS CAUSED BY
ERC3ION AND NIBBLING EFFECTS AS A RESULT OF THE COMPOUND €57 "T" SEALS
INABILITY TO MEET THE ACCLUMULATOR'S LIFE CYCLE REQUIREMENTS CCRRECTIVE
ACTION WAS THE GREEN TWEED "T" SEAL FiN 733 GIMR-887P3 WAS REFLACELD BY THE
GREEN TWEED 3EAL PN 723 GIMR-354F3.

(ACIEB3-0105 (1882, OW0EE) DURING SUBSYSTEM CHECKOUT, THE SYSTEM NUMBER TWWO
BOOTSTRAP GNZ CHARGE DECAYED. THE CAUSE OF THE FAILURE WaS ATTRIBUTED TG
PITTING IMN THE CYLINCER SHELL BEORE WHICH LED TO DESTRUCTIIN OF THE BACKUF
RING AND GOUGES IN THE SEAL. INSFECTION POINTS WERE ADDED AND THE
MANLIFACTURING ROUTE FOR THE ACCUMULATOR SHELL WAS CHANGED TO CONTROL
INSPECTION AND PART PROTECTION DURING THE FABRICATION OPERATIONS.

(AGETOR0N00 (M1953- OVWRBE) FOST ST5-6, THERE WERE ERRATIC REFETITIVE DECAYS IN
PRESSLRE IN THE BOOTSTRAR CIRCUIT. THE LOSSE OF PRESSURE WAS CAUSED BY
IMPROFPERLY CLRED PISTON RINGS PRODUCED BY GREEN TWEED. THIS LOT OF SEALS
WAS REMOVED FROM STOCK. SUBSEQUENT SEALS WILL HAVE A 3X INSFECTION
PERFORMED WITH THE SEAL STRETCHED OVER A MANDREL.

iADADES01D) (1987, OW103) DURING SUBSYSTEM CHECKOUT, SYSTEM NUMBER 2
BOOTETRAR GNZ PRE-CHARGE DECAYED. THE CAUSE OF THE LEAKAGE WAS

L Lo B [alalyl



FAGE: 9 FRINT DATE:; U7/ 2558

FAILURE MCDES EFFECTS AMALYSIS (FMEA) — CIL FAILLIRE MODE
NUMBER: 02-6-E24- 01

IMPRUPERLY CURED SEALS. {SAME PROSLEM AS ACHT02-010.) AGCUMULATOR GEALS
WERE REPLACED. ACCUMULATOR WAS UFDATED TO A -0008 CONFIGURATION,

{E) OPERATIONAL USE:
RUN CIRCULATION PUMP TO ATTEMPT TO MAINTAIN BOOTSTRAR PRESSURE FOR MAIN
PLMF START UP FOR ENTRY.

- APPROVALS -

EQCITORIALLY APPROVED . BEMA, L Femeena T30 -8
TECHMICAL APPROWALT - VIA APPROVAL FORM 950009 _(02-B
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